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(57) ABSTRACT

The semiconductor laser module (1) includes: a laser mount
(31) having thereon a semiconductor laser chip (32); a fiber
mount (40) having thereon an optical fiber (2); a submount
(20) on which the laser mount (31) and the fiber mount (40)
are placed; and a substrate (10) on which the submount 20 is
placed, the substrate (10) having protrusions (11a to 11d) on
a top surface thereof, the submount 20 being joined to the
substrate (10) with a soft solder (61) spread between the
submount (20) and the substrate (10).
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1
LASER MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2012/059154 filed in Japan on Apr.
4, 2012, which claims the benefit of Patent Application No.
2011-134550 filed in Japan on Jun. 16, 2011, the entire con-
tents of which are hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a laser module that is to be
attached at an end of an optical fiber.

BACKGROUND ART

Laser modules have been widely used as devices to emit a
laser beam into an optical fiber. A laser module includes a
laser source which emits a laser beam, an optical fiber which
receives the laser beam, and a heat-dissipating board which
have both the laser source and the optical fiber attached
thereto. The laser source and the optical fiber are fixed on the
heat-dissipating board and positioned so that a laser beam
from the laser source efficiently enters the optical fiber.

Generally, in the laser module, the laser source and the
optical fiber are not directly attached to the heat-dissipating
board. Instead, a laser mount and a fiber mount are first
attached to the heat-dissipating board, and then the laser
source and the optical fiber are attached to the laser mount and
the fiber mount, respectively. For example, Patent Literature
1 discloses an optical fiber having such a configuration.

However, according to such a laser module, heat generated
in the laser source causes great stress on solder which joins
the laser mount and the heat-dissipating board together. This
may result in displacement of the laser source or may cause
damage to the solder. Such problems occur mainly because of
a difference between (i) thermal expansion coefficient of the
laser mount which is made from AIN (aluminum nitride) or
CuW (copper tungsten) and (ii) thermal expansion coefficient
of the heat-dissipating board which is made from Cu (cop-
per).

In order to avoid such problems, Patent Literature 2 dis-
closes a technique of fixing the heat-dissipating board and the
laser mount with soft solder. Patent Literature 2 teaches that
the soft solder can absorb stress resulting from a difference
between the thermal expansion coefficients of the heat-dissi-
pating board and the laser mount.

CITATION LIST
Patent Literatures

Patent Literature 1

Specification of U.S. Pat. No. 6,758,610 B (Registration
Date: Jun. 6, 2004)
Patent Literature 2

Specification of U.S. Patent Application No. 2009/
0104727 A (Publication Date: Apr. 23, 2009)

SUMMARY OF INVENTION
Technical Problem

However, the inventors of the present invention have found
that, in a case where soft solder is used to join the heat-
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2

dissipating board and the laser mount together in the laser
module, the thickness of the soft solder is approximately 40
um. The soft solder having a thickness of 40 um is not suffi-
cient to fully absorb the stress resulting from the difference
between the thermal expansion coefficients of the heat-dissi-
pating board and the laser mount. Therefore, there is still a
possibility that the laser source is displaced or the solder is
damaged. These problems are particularly noticeable in laser
modules including a high-power semiconductor laser, which
laser modules have been recently in high demand.

Furthermore, in a case where the soft solder is used to join
the heat-dissipating board and the laser mount together, the
position of the laser mount relative to the heat-dissipating
board greatly varies. As a result, the position of the laser
source relative to the optical fiber also greatly varies, and thus
the laser module suffers a greater loss. Such problems also
cannot be ignored.

The present invention has been made in view of the fore-
going problems, and an object of the present invention is to
realize a reliable laser module which does not cause the
problems as described above.

Solution to Problem

In order to attain the object, a laser module of the present
invention includes: a laser mount having thereon a laser
source that emits a laser beam; a fiber mount having thereon
an optical fiber that receives the laser beam; a submount on
which the laser mount and the fiber mount are placed; and a
substrate on which the submount is placed, the substrate
having a spacer thereon, the spacer keeping a gap between the
submount and the substrate, and the submount being joined to
the substrate with solder spread between the submount and
the substrate.

According to the configuration above, since the gap
between the submount and the substrate is kept by the spacer,
the solder for joining the submount to the substrate can have
a thickness as great as the height of the spacer. This makes it
possible, even in a case where the substrate and the submount
are made from materials having respective different thermal
expansion coefficients, to cause the solder to sufficiently
absorb stress resulting from a difference between the thermal
expansion coefficients of the substrate and the submount.
Therefore, it is possible to realize a reliable laser module
which does not cause problems such as displacement of the
laser source and damage to the solder.

Furthermore, both the laser mount and the fiber mount are
placed on the submount. Therefore, even if the position of the
submount relative to the substrate greatly varies, this does not
lead to variations in the position of the laser source relative to
the optical fiber. Accordingly, loss is suppressed in the laser
module.

Advantageous Effects of Invention

According to the present invention, it is possible to realize
a highly reliable laser module which does not cause problems
such as displacement of the laser source and damage to solder.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a general perspective view illustrating a semicon-
ductor laser module of one embodiment of the present inven-
tion.

FIG. 2 is a three-view drawing of a configuration of a main
part of the semiconductor module shown in FIG. 1.



US 9,158,078 B2

3

FIG. 3 is a three-view drawing of a specific example of a
substrate included in the semiconductor laser module shown
in FIG. 1.

FIG. 4 is a three-view drawing of a specific example of a
submount included in the semiconductor laser module shown
in FIG. 1.

DESCRIPTION OF EMBODIMENTS

The following description will discuss a laser module of
the present embodiment with reference to the drawings. Here-
inafter, the laser module of the present embodiment, which
includes a semiconductor laser (also called a “laser diode™) as
a laser source, is referred to as a “semiconductor laser mod-
ule”. Note, however, that a laser source which is applicable to
the laser module of the present invention is not limited to a
semiconductor laser source.

In the following descriptions, when a plate-like member
composed of six surfaces is discussed, two largest surfaces of
the six surfaces are each referred to as a “main surface”, and
the other four surfaces are each referred to as a “side surface”.
In a case where it is necessary to distinguish between the two
main surfaces, one of the two main surfaces is referred to as a
“top surface” and the other is referred to as a “bottom sur-
face”. Note here that the top surface means a main surface that
faces up when a device including the plate-like member is
positioned for normal use, whereas the bottom surface means
a main surface that faces down when the device including the
plate-like member is positioned for normal use.
[Configuration of Semiconductor Laser Module]

The following description discusses a semiconductor laser
module 1 of the present embodiment with reference to FIGS.
1 and 2. FIG. 1 is a general perspective view illustrating the
semiconductor laser module 1. FIG. 2 is a three-view drawing
of a configuration of a main part (substrate 10, submount 20,
and CoS 30) of the semiconductor module 1. In FIG. 2, a plan
view (illustrating the semiconductor module 1 viewed from
above) is in the upper left area, a side view is in the lower left
area, and a front view is in the lower right area.

The semiconductor laser module 1 is a laser module which
is to be attached at an end of an optical fiber 2. As shown in
FIGS. 1 and 2, the semiconductor laser module 1 includes the
substrate 10, the submount 20, the CoS (Chip on Submount)
30, a fiber mount 40, and a case 50. Note that, in FIG. 1, the
top plate of the case 50 and a portion of the side walls of the
case 50 are omitted so that an inner structure of the semicon-
ductor laser module 1 is visible. Furthermore, in FIG. 2,
constituents other than the substrate 10, the submount 20 and
the CoS 30 are omitted for better understanding of the con-
figuration of the main part of the semiconductor laser module
1.

The substrate 10 serves as the bottom plate of the semicon-
ductor laser module 1. In the present embodiment, the sub-
strate 10 is a plate-like member whose main surfaces have a
rectangular shape with rounded corners (see FIGS. 1 and 2).
The substrate 10 serves as a heat sink for dissipating heat from
the inside of the semiconductor laser module 1 (particularly
from the CoS 30) to the outside of the semiconductor laser
module 1. To this end, the substrate 10 is made from a highly
heat-conductive material such as Cu (copper).

As illustrated in FIGS. 1 and 2, the top surface of the
substrate 10 has four protrusions 11a to 11d thereon. Each of
the four protrusions 11a to 11d serves as a spacer to keep a gap
between the bottom surface of the submount 20 and the top
surface of the substrate 10. The four protrusions 11a to 114,
which are integral with the substrate 10, are formed by punch-
ing, cutting, or the like.
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As illustrated in FIGS. 1 and 2, the substrate 10 has the
submount 20 on its top surface.

The submount 20 is a support for supporting the CoS 30
and the fiber mount 40. In the present embodiment, as shown
in FIGS. 1 and 2, the submount 20 is a plate-like member
whose main surfaces have a rectangular shape. The submount
20 is placed so that (i) the bottom surface of the submount 20
is parallel to the top surface of the substrate 10 and (ii) long
sides of the main surfaces of the submount 20 are parallel to
long sides of the main surfaces of the substrate 10. The sub-
mount 20 is joined to the top surface of the substrate 10 with
soft solder 61 spread between the bottom surface of the sub-
mount 20 and the top surface of the substrate 10. Note that a
specific example of the substrate 10 is described later with
reference to other drawings.

As illustrated in FIGS. 1 and 2, the submount 20 has the
CoS 30 and the fiber mount 40 on its top surface. On the top
surface of the submount 20, the fiber mount 40 is on a side
where the optical fiber 2 is drawn out (such a side is at the
lower right of FIG. 1 and is hereinafter referred to as a “fiber
side”), whereas the CoS 30 is on an opposite side opposite to
the side where the optical fiber 2 is drawn out (such an
opposite side is at the upper left of FIG. 1 and is hereinafter
referred to as a “lead side”). Note that a specific example of
the submount 20 is described later with reference to other
drawings.

The CoS 30 is constituted by a laser mount 31 and a
semiconductor laser chip 32 which are integral with each
other.

The laser mount 31 is a support for supporting the semi-
conductor laser chip 32. In the present embodiment, the laser
mount 31 is a plate-like member whose main surfaces have a
rectangular shape, and this laser mount 31 is placed so that (i)
the bottom surface of the laser mount 31 is parallel to the top
surface of the submount 20 and (i) long sides of the main
surfaces of the laser mount 31 are parallel to the long sides of
the main surfaces of the submount 20 (see FIGS. 1 and 2). The
laser mount 31 is joined to the top surface of the submount 20
with hard solder 62 spread between the bottom surface of the
laser mount 31 and the top surface of the submount 20.

As illustrated in FIGS. 1 and 2, the laser mount 31 has the
semiconductor laser chip 32 on its top surface. The semicon-
ductor laser chip 32 is a laser source configured to emit a laser
beam from its end surface 324. In the present embodiment,
the semiconductor laser chip 32 is a high-power semiconduc-
tor laser which is made mainly of GaAs (gallium arsenide)
and has a cavity length of equal to or greater than 5 mm. The
semiconductor laser chip 32 is placed so as to extend along a
direction parallel to the long sides of the main surfaces of the
laser mount 31, and the bottom surface of the semiconductor
laser chip 32 is joined to the top surface of the laser mount 31
(see FIGS. 1 and 2). Furthermore, the semiconductor laser
chip 32 is connected, via a wire 33, to a circuit which is
provided on the top surface of the laser mount 31 (see FIG. 1).
The semiconductor laser chip 32 is driven by electric current
supplied from the circuit.

The fiber mount 40 is a support for supporting the optical
fiber 2. In the present embodiment, the fiber mount 40 is a
plate-like member whose main surfaces have a rectangular
shape, and this fiber mount 40 is placed so that (i) the bottom
surface of the fiber mount 40 is parallel to the submount 20
and (ii) the long sides of the main surfaces of the fiber mount
40 are perpendicular to the long sides of the main surfaces of
the submount 20 (see FIGS. 1 and 2). The fiber mount 40 is
joined to the top surface of the submount 20 with hard solder
63 spread between the bottom surface of the fiber mount 40
and the top surface of the submount 20.
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As illustrated in FIG. 1, the fiber mount 40 has thereon the
optical fiber 2 which is drawn into the semiconductor laser
module 1 through an insertion pipe 51 provided to the case 50.
The optical fiber 2 is attached to the top surface of the fiber
mount 40 with solder 64 so that its tapered pointed end 2a
directly faces the end surface 32a of the semiconductor laser
chip 32. A laser beam emitted from the end surface 32a of the
semiconductor laser chip 32 enters the optical fiber 2 through
the pointed end 24 and travels in the optical fiber 2.

In the semiconductor laser module 1, the semiconductor
laser chip 32 generates heat while it is being driven. The heat
generated in the semiconductor laser chip 32 is conducted (i)
to the laser mount 31, (ii) to the submount 20 via the hard
solder 62, (iii) to the substrate 10 via the soft solder 61, and
then (iv) is dissipated to the outside via the bottom surface of
the substrate 10. Therefore, while the semiconductor laser
chip 32 is being driven, there is a rise in temperatures of the
laser mount 31, the submount 20, and the substrate 10 through
each of which the heat generated in the semiconductor laser
chip 32 passes.

Because of this, while the semiconductor laser chip 32 is
being driven, the laser mount 31, the submount 20, and the
substrate 10 thermally expand. Thus, in a case where the laser
mount 31, the submount 20, and the substrate 10 have differ-
ent thermal expansion coefficients, this causes stress applied
between these members. The stress applied between the
members may cause a change in relative positions of the CoS
30 and the optical fiber 2 and cause damage to the solder 61
and the solder 62. Particularly, in the case of a laser module
including a high-power semiconductor laser like the semi-
conductor laser module 1 of the present embodiment, a large
amount of heat is generated in the semiconductor laser.
Therefore, the above problems directly lead to a serious deg-
radation in reliability.

In view of the circumstances, according to the present
embodiment, the laser mount 31 and the submount 20 are
made from a material(s) having the same or substantially the
same thermal expansion coefficients so that less stress is
generated between the laser mount 31 and the submount 20.
Specifically, both the laser mount 31 and the submount 20 are
made from AIN (aluminum nitride) so that less stress is gen-
erated between the laser mount 31 and the submount 20.
Since the thermal expansion coefficient of AIN is substan-
tially the same as that of GaAs constituting the semiconductor
laser chip 32, the laser mount 31 made from AIN also sup-
presses stress between the semiconductor laser chip 32 and
the laser mount 31.

On the other hand, the substrate 10 needs to be made from
a highly heat-conductive material (e.g., Cu) for heat dissipa-
tion. Therefore, it is not easy to find, for the substrate 10, a
material which has the same or substantially the same thermal
expansion coefficient as that of the submount 20. In view of
this, according to the present embodiment, the substrate 10
and the submount 20 are joined together with the soft solder
61 so that stress resulting from a difference between the
thermal expansion coefficients of the substrate 10 and the
submount 20 is absorbed by the soft solder 61.

Note, however, that the arrangement in which the substrate
10 and the submount 20 are joined together simply with the
soft solder 61 is not enough to sufficiently absorb the stress,
because the soft solder 61 in this case has a thickness of
approximately 40 um. In view of this, according to the present
embodiment, the following arrangement is employed: the
four protrusions 11a to 114 on the top surface of the substrate
10 keep a gap between the bottom surface of the submount 20
and the top surface ofthe substrate 10 and the gap between the
bottom surface of the submount 20 and the top surface of the
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substrate 10 is filled with the soft solder 61, whereby the soft
solder 61 has a thickness greater than 40 pm. Specifically, the
protrusions 11ato 114 have a height of approximately 120 pm
to 180 um, that is, the soft solder 61 has a thickness of
approximately 120 um to 180 um, whereby the soft solder 61
can sufficiently absorb the stress. Thus, even if the substrate
10 and the submount 20 thermally expand to respective dif-
ferent extents, only the soft solder 61 undergoes elastic defor-
mation. Therefore, the submount 20 is not deformed and thus
the relative positions of the CoS 30 and the optical fiber 2 do
not change, and the soft solder 61 is not damaged.

Note that, in this specification, “soft solder” means solder
having a Young’s modulus of not more than 50 Gpa.
Examples of the soft solder include 90Sn-10Au (90tin-gold)
solder, Sn—Ag—Cu (tin-silver-copper) solder, In—Sn (in-
dium-tin) solder, Bi—In—Sn (bismuth-indium-tin) solder,
and In 100% (indium 100%) solder. Note that the “soft sol-
der” is defined as “solder having a Young’s modulus of not
more than 40 Gpa” in some literatures. However, the defini-
tion of the soft solder in this specification is, as mentioned
above, the “solder having a Young’s modulus of not more than
50 Gpa”, which is different from the definition in those lit-
eratures.

As described above, the solder with which the substrate 10
and the submount 20 are joined together is preferably soft
solder. However, it is needless to say that even solder having
aYoung’s modulus of equal to or greater than 50 Gpa achieves
a certain level of stress-absorbing effect, provided that the
solder is softer than the submount 20 (thatis, provided that the
Young’s modulus of the solder is smaller than that of the
submount 20).

[Specific Example of Substrate]

The following description discusses a specific example of
the substrate 10 of the semiconductor laser module 1 with
reference to FIG. 3. FIG. 3 is a three-view drawing of the
substrate 10. In FIG. 3, a plan view (illustrating the substrate
10 viewed from the top surface) is in the upper left area, a side
view is in the lower left area, and a front view is in the upper
right area.

As illustrated in FIG. 3, the substrate 10 is a plate-like
member whose main surfaces have a rectangular shape with
rounded corners and have a size of 16.5 mm (long side)x10.0
mm (short side), and it has a thickness of 1.0 mm. The sub-
strate 10 is made of Cu (copper).

Each of the four protrusions 11a to 114 on the top surface
of'the substrate 10 is a columnar protrusion whose top surface
is flat. More specifically, each of the four protrusions 11a to
11d is a columnar protrusion whose top surface is a circle
having a diameter of 1.2 mm, and has a height of 0.15 mm.
The four protrusions 11a to 114 are integral with the substrate
10, and are made from Cu (copper). The reason why the top
surfaces of the protrusions 11a to 11d are flat is that, with this
arrangement, the submount 20 and the protrusions 11a to 114
have surface contact with each other. This makes it possible,
in the production of the semiconductor laser module 1, to
stably carry out scrubbing of the submount 20 when joining
the submount 20 to the substrate 10.

The protrusions 11a and 115 are arranged parallel to a
lead-side short side of the top surface of the substrate so that
the distance between the centers of the respective protrusions
11a and 115 1s 0.5 mm. Similarly, the protrusions 11¢ and 11d
are arranged parallel to a fiber-side short side of the top
surface of the substrate 10 so that the distance between the
centers of the respective protrusions 11c and 114 is 0.5 mm.
The distance between the centers of the protrusion 11a and
the protrusion 11¢ arranged parallel to one long side of the top
surface of the substrate 10 is 8.7 mm. Similarly, the distance
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between the centers of the protrusion 115 and the protrusion
11d arranged parallel to the other long side of the top surface
ofthe substrate 10is 8.7 mm. In a case where the submount 20
is a plate-like member whose main surfaces have a rectangu-
lar shape 0f'9.5 mm (long side)x5.0 mm (short side), the four
protrusions 11a to 11d are substantially at the four corners of
the submount 20 (this is described later).

It is needless to say that the arrangement of the protrusions
11ato 11dis not limited to this. That is, the protrusions 11a to
11d may be located anywhere, provided that the submount 20
can be stably placed on the protrusions 11a to 11d. Further-
more, the number of the protrusions 11a to 114 is not limited
to four, and may be three or five or more. However, in a case
where the number of the protrusions 11a to 11d is reduced,
the submount 20 easily slips off the protrusions 11a to 114
during the scrubbing. On the other hand, in a case where the
number of the protrusions 11a to 114 is increased, there is a
possibility that bonding strength between the submount and
the substrate 10 decreases. That is, the arrangement in which
the protrusions 11a to 114 are located at the four corners of
the submount 20 is one of the best arrangements to satisfy
both the stability during the scrubbing and the bonding
strength.

The height of the protrusions 11a to 114 can be set to any
value that is not less than 120 pm and not more than 180 pm.
Note, here, that the reason why the height of the protrusions
11a to 114 should be not less than 120 pm is that, with this
arrangement, the soft solder 62 has a sufficient stress-absorb-
ing effect. On the other hand, the reason why the height of the
protrusions 11ato 11d should be not more than 180 um is that,
with this arrangement, the thermal resistance r of the soft
solder 62 is limited to 0.22° C./W or less and thus heat is
sufficiently conducted from the submount 20 to the substrate
10.

For example, in a case where (i) the submount 20 is a
submount shown in FIG. 3 (area S where the soft solder 62
spreads=8.7x5.0-0.6°x3.14=~42.4 mm?) and (ii) the soft sol-
der 62 is 90Sn-10Au solder (thermal conductivity k=20
W/m-K), the thermal resistance “r=(icxS/d)™'> of the soft
solder 62 having a thickness d of 180 um is r=0.212° C./W,
which satisfies the above condition (thermal resistance r of
0.22° C./W or less). Note that the upper limit (0.22° C./W in
the present embodiment) of the thermal resistance r of the soft
solder 62 depends on (i) the configuration of the CoS 30 and
(ii) electric power consumption and junction temperature of
the semiconductor laser chip 31.

[Specific Example of Submount]

The following description discusses a specific example of
the submount 20 of the semiconductor laser module 1 with
reference to FIG. 4. FIG. 4 is a three-view drawing of the
substrate 10. In FIG. 4, a plan view (illustrating the substrate
10 viewed from the top surface) is in the upper left area, a plan
view (illustrating the substrate 10 viewed from the bottom
surface) is in the upper right area, and a side view is in the
lower left area.

As illustrated in FIG. 4, the submount 20 is a plate-like
member whose main surfaces have a rectangular shape of 8.7
mm (long side)x5.0 (short side), and has a thickness of 1.0
mm. The submount 20 is made from AIN (aluminum nitride).

The top surface of the submount 20 is coated with metal 21.
This is for joining the CoS 30 to the top surface of the sub-
mount 20 with the hard solder 62. Similarly, the bottom
surface of the submount 20 is also coated with metal 22. This
is for joining the substrate 10 to the bottom surface of the
submount 20 with the soft solder 61.

It should be noted in FIG. 4 that the metal 21 covers the
entire top surface of the submount 20, whereas the metal 22
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covers a rectangular region with rounded corners, that is, a
region other than the four corners of the bottom surface of the
submount 20. The rounded corners of the metal 22 each have
a radius of 1.2 mm.

This prevents the soft solder 61 from spreading out to the
four corners of the bottom surface of the submount 20 which
corners are not covered with the metal 22. That is, by placing
the submount 20 on the substrate 10 so that the four corners of
the bottom surface of the submount 20 which are not covered
with the metal 22 abut against the top surfaces of the protru-
sions 11a to 114, it is possible to prevent the soft solder 61
from seeping into a gap between the bottom surface of the
submount 20 and the top surfaces of the protrusions 11a to
11d. That is, it is possible to prevent the connection between
the submount 20 and the substrate 10 from being destroyed
due to a thin layer of the soft solder 61 which is formed
between the bottom surface of the submount 20 and the top
surfaces of the protrusions 11a to 114 and is thinner than the
other portions.

[How to Join Substrate and Submount]

Lastly, how to join the substrate 10 and the submount 20
together in the production of the semiconductor laser module
1 is briefly described below. The substrate 10 and the sub-
mount 20 can be joined together by, for example, the follow-
ing steps S1 to S8.

Step S1: Place the substrate 10 on a heater stage.

Step S2: Place, on the substrate 10, the soft solder 61 (solid

state) having a plate shape.

Step S3: Place the submount 20 on the soft solder 61 (solid
state).

Step S4: Start heating the substrate 10 by the heater stage.
After the substrate starts being heated by the heater
stage, the temperature of the substrate 10 gradually rises.

Step S5: When the temperature of the substrate 10 reaches
the melting point of the soft solder 61, the soft solder 61
starts melting from the substrate 10 side. After the soft
solder 61 has completely melted, scrub the submount 20.

Step S7: Stop the heating of the substrate 10 by the heater
stage. After the substrate 10 stops being heated by the
heater stage, the temperature of the substrate 10 gradu-
ally decreases.

Step S8: Allow the soft solder 61 to cool. When the tem-
perature of the soft solder 61 decreases to the melting
point or under, the soft solder 61 solidifies and this
completes the joining of the substrate 10 and the sub-
mount 20.

Note that the scrubbing of the submount 20 in step S5
means causing the submount 20 to slide for several times
along a plane parallel to the top surface of the substrate 10.
This (i) removes bubbles between the soft solder 61 and the
bottom surface of the submount 20 and (ii) causes the soft
solder 61 to uniformly spread over the entire metallized
region (which is coated with the metal 22) of the bottom
surface of the submount 20. As described earlier, the protru-
sions 11a to 11d of the substrate 10 on which the submount 20
is placed are equal in height and their top surfaces are flat.
Therefore, it is possible to cause the submount 20 to slide
without any trouble during the scrubbing.

[Closing]

As has been described, a laser module of the present
embodiment includes: a laser mount having thereon a laser
source that emits a laser beam; a fiber mount having thereon
an optical fiber that receives the laser beam; a submount on
which the laser mount and the fiber mount are placed; and a
substrate on which the submount is placed, the substrate
having a spacer thereon, the spacer keeping a gap between the
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submount and the substrate, and the submount being joined to
the substrate with solder spread between the submount and
the substrate.

According to the configuration above, since the gap
between the submount and the substrate is kept by the spacer,
the solder for joining the submount to the substrate can have
a thickness as great as the height of the spacer. This makes it
possible, even in a case where the substrate and the submount
are made from materials having respective different thermal
expansion coefficients, to cause the solder to sufficiently
absorb stress resulting from a difference between the thermal
expansion coefficients of the substrate and the submount.
Therefore, it is possible to realize a reliable laser module
which does not cause problems such as displacement of the
laser source and damage to the solder.

Furthermore, both the laser mount and the fiber mount are
placed on the submount. Therefore, even if the position of the
submount relative to the substrate greatly varies, this does not
lead to variations in the position of the laser source relative to
the optical fiber. Accordingly, loss is suppressed in the laser
module.

The laser module of the present embodiment is preferably
configured such that the solder is soft solder having a Young’s
modulus of not more than 50 Gpa.

According to the configuration, in a case where the sub-
mount is made of a material having a Young’s modulus of
equal to or greater than 50 Gpa, the solder can absorb defor-
mation of the substrate resulting from thermal expansion and
prevent the deformation from affecting the submount. Fur-
thermore, it is possible to freely select the material for the
submount from materials having a Young’s modulus of not
less than 50 Gpa.

The laser module of the present embodiment is preferably
configured such that the solder has a Young’s modulus which
is smaller than a Young’s modulus of the submount.

According to the configuration, the solder is elastically
deformable. Therefore, the solder can absorb deformation of
the substrate resulting from thermal expansion and prevent
the deformation from affecting the submount.

The laser module of the present embodiment is preferably
configured such that the spacer is integral with the substrate.

According to the configuration, the spacer and the substrate
are integral with each other. Therefore, heat is conducted
from the submount to the substrate quickly as compared to a
case where the spacer and the substrate are joined together
with, for example, solder.

The laser module of the present embodiment is preferably
configured such that the spacer has a columnar shape whose
surface abutting against the submount is flat.

In the production of the laser module, in the step of joining
the submount to the substrate with the solder, it is preferable
to cause the submount to slide (be scrubbed) for several times
to remove bubbles between the submount and the solder.
According to the configuration, since the submount abuts
against the flat surfaces of the spaces, it is possible to stably
carry out the sliding.

The laser module of the present embodiment is preferably
configured such that the spacer has a height of more than 40
pm.

According to the configuration, it is possible to cause the
solder to have a larger thickness as compared to a case where
the substrate and the submount are joined together with the
solder without the spacer. Therefore, the solder can absorb a
greater deformation of the substrate as compared to the case
where the substrate and the submount are joined together with
the solder without the spacer.
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The laser module of the present embodiment is preferably
configured such that a surface of the submount which surface
faces the substrate is partially metallized; and the submount is
placed on the substrate so that the spacer abuts against an
unmetallized portion(s) of the surface of the submount.

According to the configuration, it is possible to prevent the
solder from seeping into a gap between the spacer and the
submount. Therefore, it is possible to prevent the connection
between the submount and the substrate from being destroyed
due to a thin layer of the solder which is formed between the
spacer and the submount and is thinner than the other por-
tions.

The laser module of the present embodiment is preferably
configured such that the submount is made from a material
having a thermal expansion coefficient which is the same or
substantially the same as that of a material for the laser mount.

According to the configuration, little or no stress is applied
to solder for joining the laser mount to the submount. There-
fore, hard solder can be used to join the laser mount and the
submount together. This makes it possible to reduce varia-
tions in the position of the laser mount relative to the sub-
mount, and further reduce loss that the laser module suffers.
[Additional Descriptions]

The present invention is not limited to the description of the
embodiments described above, but may be altered within the
scope of the claims. That is, an embodiment based on a proper
combination of technical means disclosed in different
embodiments is encompassed in the technical scope of the
present invention.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a laser module to be
connected to an optical fiber. In particular, the present inven-
tion is suitable for use in a laser module (semiconductor laser
module) including a semiconductor laser.

REFERENCE SIGNS LIST

1 Semiconductor laser module (Laser module)
10 Substrate

11a to 114 Protrusion (Spacer)

20 Submount

30 CoS

31 Laser mount

32 Semiconductor laser chip (Laser source)
40 Fiber mount

50 Case

61 Soft solder

62, 63 Hard solder

2 Optical fiber

The invention claimed is:

1. A laser module, comprising:

a laser mount having thereon a laser source that emits a
laser beam;

a fiber mount having thereon an optical fiber that receives
the laser beam;

a submount on which the laser mount and the fiber mount
are placed; and

a substrate on which the submount is placed,

the substrate having a spacer thereon, the spacer keeping a
gap between the submount and the substrate, and

the submount being joined to the substrate with solder
spread between the submount and the substrate,

wherein:

a surface of the submount which faces the substrate is
partially metallized; and
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the submount is placed on the substrate so that the spacer
abuts against an unmetallized portion of the surface of
the submount.

2. The laser module as set forth in claim 1, wherein the
solder is soft solder having a Young’s modulus of not more
than 50 Gpa.

3. The laser module as set forth in claim 1, wherein the
solder has a Young’s modulus which is smaller than a Young’s
modulus of the submount.

4. The laser module as set forth in claim 1, wherein the
spacer is integral with the substrate.

5. The laser module as set forth in claim 1, wherein the
spacer has a columnar shape whose surface abutting against
the submount is flat.

6. The laser module as set forth in claim 1, wherein the
spacer has a height of more than 40 um.

7. The laser module as set forth in claim 1, wherein the
submount is made from a material having a thermal expan-
sion coefficient which is the same or substantially the same as
that of a material for the laser mount.

8. A method for producing a laser module, wherein the
laser module comprises:
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a laser mount having thereon a laser source that emits a
laser beam;

a fiber mount having thereon an optical fiber that receives
the laser beam;

a submount on which the laser mount and the fiber mount
are placed; and

a substrate on which the submount is placed,

the substrate having four spacers which lie between the
substrate and the submount and support four corners of
the submount, the spacers keeping a gap between the
submount and the substrate, and

the submount being joined to the substrate with solder
spread between the submount and the substrate,

wherein the method comprising the step of:

joining the submount to the substrate with the solder,

the step of joining including, after the solder has melted but
before the solder solidifies, scrubbing the submount by
causing the submount to slide along a plane parallel to a
top surface of the substrate.
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